Transient suppression of MLH1 allows effective single-nucleotide substitution by single-stranded DNA oligonucleotides.
Short synthetic single-stranded oligodeoxyribonucleotides (ssODNs) can be used to introduce subtle modifications into the genome of mouse embryonic stem cells (ESCs). We have previously shown that effective application of ssODN-mediated gene targeting in ESC requires (transient) suppression of DNA mismatch repair (MMR). However, whereas transient down-regulation of the mismatch recognition protein MSH2 allowed substitution of 3 or 4 nucleotides, 1 or 2 nucleotide substitutions were still suppressed. We now demonstrate that single- or dinucleotide substitution can effectively be achieved by transient down-regulation of the downstream MMR protein MLH1. By exploiting highly specific real-time PCR, we demonstrate the feasibility of substituting a single basepair in a non-selectable gene. However, disabling the MMR machinery may lead to inadvertent mutations. To obtain insight into the mutation rate associated with transient MMR suppression, we have compared the impact of transient and constitutive MMR deficiency on the repair of frameshift intermediates at mono- and dinucleotide repeats. Repair at these repeats relied on the substrate specificity and functional redundancy of the MSH2/MSH6 and MSH2/MSH3 MMR complexes. MLH1 knockdown increased the level of spontaneous mutagenesis, but modified ESCs remained germ line competent. Thus, transient MLH1 suppression provides a valuable extension of the MSH2 knockdown strategy, allowing rapid generation of mice carrying single basepair alterations in their genome.